by the members of both basidiomycetous and ascomycetous yeasts (Fonseca and Inacio, 2006; Glushakova and Chernov, 2010; Glushakova et al., 2007; Iná-cio et al., 2004 Iná-cio et al., , 2005 Landell et al., 2010; Nakase et al., 2001; Slavikova et al., 2009) . Basidiomycetous species belonging to the genera Cryptococcus, Rho dotorula, Sporobolomyces and Trichosporon have been found to be the most common phylloplane yeasts (de Azeredo et al., 1998; Glushakova and Chernov, 2010; Slavikova et al., 2009) ; however, in recent years, more ascomycete yeast species have been detected on the phylloplane, such as Debaryomyces han senii, Hanseniaspora uvarum, Kazachstania barnetii, Metschnikowia pulcherrima, Metschnikowia sacchari cola, Metschnikowia lopburiensis, Pichia membranifa ciens, Saccharomyces cerevisiae and various species of Candida including C. aechmeae, C. chumphonensis, C. maesa, C. mattranensis, C. stauntonica and C. vries eae (Chang et al., 2012; Glushakova and Chernov, 2010; Kaewwichian et al., 2012; Koowadjanakul et al., 2011; Landell et al., 2010; Slavikova et al., 2009) .
During an investigation of phylloplane yeasts of wine grape, table grape and other plant species at the Kanchanaburi Research Station, Kanchanaburi Province, Thailand, three yeast strains obtained from the phylloplane of three wine grapes were found to represent two novel Candida species. In this present paper, two strains (K59 T and K60) are described as Candida phyllophila sp. nov. and one strain (K70 T ) is described as Candida vitiphila sp. nov.
Materials and Methods
Yeast isolation. Green and undamaged leaves of grapes were collected from fields on the Kanchanaburi Research Station, Agro-Ecological System Research and Development Institute (N14 07 15.1 E099 19 05.6 ) of Kasetsart University located in Wang Dong Sub-district, Mueang District, Kanchanaburi Province, Thailand. In total 54 grape leaf samples were collected with 8, 24 and 22 samples collected on 4 February 2009, 2 July 2009 and 2 September 2009, respectively. Yeasts were isolated from the surface of plant leaves by an enrichment technique using yeast extract malt extract (YM) broth (0.3% yeast extract, 0.3% malt extract, 0.5% peptone and 1% glucose) supplemented with 0.025% sodium propionate and 0.02% chloramphenicol (Limtong et al., 2007) . Three grams of cut leaves were aseptically placed in 250 ml Erlenmeyer flasks containing 50 ml enrichment broth and incubated on a rotary shaker at room temperature (27 3 C) for 2 days. A loopful of the enriched culture was streaked on YM agar supplemented with 0.025% sodium propionate and 0.02% chloramphenicol and incubated at room temperature until yeast colonies appeared. Yeast colonies of different morphologies were picked and purified by cross streaking on YM agar. Purified yeast strains were suspended in YM broth supplemented with 10% glycerol and maintained at 80 C. One-hundred and one yeast strains were obtained, among these being strains K59 and K60, and K70, which represented two novel species and had been individually isolated from the surface of leaves of three wine grapes (Vitis vinifera, Family Vitaceae).
DNA sequencing and phylogenetic analysis. The sequences of the D1/D2 domain of the LSU rRNA gene and the ITS region were determined from PCR products amplified from genomic DNA. Methods for DNA extraction and amplification of the D1/D2 domain of the LSU rRNA gene have been described previously (Limtong et al., 2007) . The ITS region was amplified with primers ITS1 and ITS4, following the method of White et al. (1990) . The PCR products were checked by agarose gel electrophoresis and purified by using the QIA quick purification kit (Qiagen, Germany). The purified products were sequenced commercially by Macrogen, Inc. (Korea) using the primers NL1 and NL4 for the D1/D2 domain of the LSU rRNA gene and the primers ITS1 and ITS4 for the ITS region. The sequences were compared pairwise using a BLAST search (Altschul et al., 1997) and were aligned with the sequences of related species retrieved from GenBank using the multiple alignment program CLUSTAL_X version 1.81 (Thompson et al., 1997) . A phylogenetic tree was constructed from the evolutionary distance data with Kimura s two-parameter correction (Kimura, 1980) using the neighbor-joining method (Saitou and Nei, 1987) with the MEGA software version 5.0 (Tamura et al., 2011) . The confidence levels of the clades were estimated from bootstrap analysis using 1,000 replicates (Felsenstein, 1985) .
Examination of taxonomic characteristics. The strains were characterized morphologically, biochemically and physiologically according to the standard methods described by Yarrow (1998) . Mycelium formation was investigated on cornmeal agar in slide culture at 25 C for up to 7 days. Ascospore formation was investigated on 5% malt extract agar, Fowell s acetate agar, Gorod-kowa agar and corn meal at 15 and 25 C for up to 4 weeks. Carbon assimilation tests were conducted in liquid medium as described by Yarrow (1998) . Assimilation of nitrogen compounds was examined on solid media with starved inocula following the method of Nakase and Suzuki (1986) . Growth at various temperatures was determined by cultivation in YM broth. Ubiquinones were extracted from cells cultivated in 500 ml Erlenmeyer flasks containing 250 ml of yeast extract peptone dextrose (YPD) broth (1% yeast extract, 2% peptone and 2% dextrose) on a rotary shaker at 28 C for 24 48 h and purified according to the method described by Yamada and Kondo (1973) and Kuraishi et al. (1985) . Isoprenologues were identified by HPLC as described previously (Limtong et al., 2007) .
Results and Discussion

Novel species delineation and identification
The analysis of the D1/D2 domain of the LSU rRNA gene sequence revealed that the two strains (K59 T and K60) showed identical sequences and differed from strain K70 T by 3.0% nucleotide substitutions (16 nucleotide substitutions and 4 gaps out of 529 nt). The D1/D2 domains of the LSU rRNA gene sequences of the three strains were closest to Candida sp. BG02-7-21-004E-1-1 and Candida asparagi. Two strains (K59 T and K60) differed from Candida sp. BG02-7-21-004E-1-1 by 2.1% nucleotide substitutions (11 nucleotide substitutions and 2 gaps out of 519 nt) and from C. asparagi by 2.3% nucleotide substitutions (12 nucleotide substitutions and 3 gaps out of 529 nt). Strain K70 T differed from Candida sp. BG02-7-21-004E-1-1 by 1.5% nucleotide substitutions (8 nucleotide substitutions and 1 gap out of 519 nt) and from C. asparagi by 1.7% nucleotide substitutions (9 nucleotide substitutions and 3 gaps out of 529 nt). The nucleotide sequences of the ITS regions of the three strains (K59 T , K60 and K70 T ) were also analyzed, but only the sequence of strain K70 T was obtained and deposited as AB736148. The ITS direct sequencing failed for strains K59 T and K60 because the chromatograms always showed overlapped peaks in nearly all positions of DNA strands, although a single band of PCR product was detected, showing that these strains might have heterogenous ITS rRNA gene copies (Egli and Henick-Kling, 2001; Saksinchai et al., 2012) . In the ITS region, the sequences of strain K70 T exhibited 6.6% nucleotide substitutions (23 nucleotide substitutions and 4 gaps out of 349 nt) from its closest described species, C. asparagi. The phylogenetic tree in Fig. 1 and based on the sequences of the D1/D2 domain of the LSU rRNA gene further demonstrates that the two strains (K59 T and K60) were at the same position and connected to Candida sp. BG02-7-21-004E-1-1. The strain K70 T was connected to those three strains mentioned previously (K59 T , K60 and Candida sp. BG02-7-21-004E-1-1) and grouped with Candida asparagi, C. fructus and C. mu sae. The two novel species were placed in a subclade that contained Cl. lusitaniae, Cl. opuntiae, Clavispora reshetovae and the other Candida species that was separated from the subclades that contained the Metschnikowia species. Cells of the three strains (K59 T , K60 and K70 T ) were subglobose and ovoid to ellipsoidal (Fig. 2 ) and proliferated by multilateral budding. Neither pseudohyphae nor true hyphae were formed by any of the three strains. Ascospores were not formed by individual strains or strains paired on 5% malt extract agar, Fowell s acetate agar, Gorodkowa agar or cornmeal agar after 4 weeks at 15 and 25 C.
On the basis of morphological, biochemical, physiological and chemotaxonomic characteristics and the sequence analysis of the D1/D2 domain of the LSU rRNA gene, we concluded that the three strains represent two novel Candida species. The name Candida phyllophila sp. nov. (MB 801036) is proposed for strains K59 T and K60 and Candida vitiphila sp. nov. (MB 801037) is assigned to strain K70 T .
The two novel species, C. phyllophila sp. nov. and C. vitiphila sp. nov. can be separated from each other only on the basis of the sequences of the D1/D2 domain of the LSU rRNA gene while their phenotypic characteristic are the same. They can be distinguished from their closest described species C. asparagi not only on the basis of the sequences of the D1/D2 domain of the LSU rRNA gene but also by a few phenotypic characteristics including: assimilation of methyl-D-glucoside, citrate and ethanol by the two novel species compared with delayed assimilation, and weak and delayed assimilation, respectively, by C. asparagi; by non assimilation of D-arabinose by the two novel species but weak assimilation by C. asparagi; and the ability to grow at 35 C of the two novel species but inability to grow at this temperature of C. asparagi.
The principal habitats of members of the Metschniko wia clade are flowers, fruits and other plant tissues, and their associated insects (Lachance, 2011b) . In the present investigation, two novel Candida species, C. phyllophila and C. vitiphila, isolated from grape phylloplane were proposed. The limited number of strains derived in this study, although 54 samples of grape leaf were used for yeast isolation, might indicate that yeast in this clade is not commonly found in phylloplane and the occurrence in grape phylloplane may be a consequence of these yeasts being carried to the grape phylloplane by visiting insects. However, the phylloplane appears to be interesting as a source for further investigations of yeast in this clade.
Description of Candida phyllophila Limtong and Kaewwichian sp. nov.
Growth in yeast extract malt extract (YM) broth: After 3 days at 25 C, cells are subglobose and ovoid to ellipsoidal (2.0 5.0 2.3 7.0 µm), and occur singly or in pairs (Fig. 2a) . Budding is multilateral. Growth on YM agar: After 3 days at 25 C, the streak culture is butyrous, white-colored, with a smooth surface and has an entire margin. Pseudohyphae and true hyphae are not formed in slide culture on corn meal agar after 7 days at 25 C. Ascospores were not formed by individual strains or strains paired on 5% malt extract agar, Fowell s acetate agar, Gorodkowa agar or cornmeal agar after 4 weeks at 15 or 25 C. The phylogenetic tree was constructed from evolutionary distance data with Kimura s two-parameter correction, using the neighbor-joining method by MEGA software, version 5.0. The numbers at nodes indicate the percentages of bootstrap sampling, derived from 1,000 raplicates. The numbers in parentheses are GenBank accession numbers. Candida diversa was the outgroup species in the analysis. Etymology: The species epithet phyllophila refers to the phylloplane where the strain was isolated.
Description of Candida vitiphila Limtong and Kaewwichian
sp. nov.
Growth in yeast extract malt extract (YM) broth: After 3 days at 25 C, cells are subglobose and ovoid to ellipsoidal (1.6 4.0 2.8 6.4 µm), and occur singly or in pairs (Fig. 2b) . Budding is multilateral. Growth on YM agar: After 3 days at 25 C, the streak culture is butyrous, white-colored, with a smooth surface and has an entire margin. Pseudohyphae and true hyphae are not formed in slide culture on corn meal agar after 7 days at 25 C. Ascospores were not produced on 5% malt extract agar, Fowell s acetate agar, Gorodkowa agar or cornmeal agar after 4 weeks at 15 or 25 C. galacturonate, potassium nitrate and sodium nitrite are not. Growth on medium containing 50% (w/v) glucose, 60% (w/v) glucose or 10% (w/v) sodium chloride/5% (w/v) glucose is positive but negative for 16% (w/v) sodium chloride/5% (w/v) glucose. Growth with 0.01% cylcloheximide and 0.1% cylcloheximide is negative. Growth at 25, 30, 35 and 37 C is positive, but at 40 C is negative. Acid formation is present. Starch-like compounds are not produced. Diazonium blue B color and urease reactions are negative. The major ubiquinone is Q-8.
Holotype: K70 T is the holotype of Candida vitiphila (MB 801037). The strain was isolated from the phylloplane of wine grapes (Vitis vinifera, Family Vitaceae), 
